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NSIGHT PROFILING TOOLS WORKFLOW
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NSIGHT SYSTEMS

System Profiler

Key Features:

= System-wide application algorithm tuning
= Multi-process tree support

= Locate optimization opportunities
= Visualize millions of events on a very fast GUI timeline
= Or gaps of unused CPU and GPU time

= Balance your workload across multiple CPUs and GPUs

= CPU algorithms, utilization and thread state
GPU streams, kernels, memory transfers, etc

= Command Line, Standalone, IDE Integration

OS: Linux (x86, Power, Arm SBSA, Tegra), Windows, MacOSX (host
GPUs: Pascal+

Docs/product: https://developer.nvidia.com/nsight-systems
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~ [562] CaffeTaskThre
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Events View ~
[Search
# Name Duration GPU Start “ | generate_seed_pseudo =
1 generate_seed_pseudo 1.249 ms GPU O 3.85619s Eegiﬂfg 2-5283789(5 1283 ms)
nds: 3. s(+1. ms,
2 gen_sequenced 35.745 s GPU O 3.8576s grid: <<<64, 1, 1>>>
3 _kernel_agent 1.696 us GPU O 3.85771s block: <<<64, 1, 1>>>
Launch Type: Regular
4 generate_seed_pseudo 1.271 ms GPU O 3.85916s Static Shared Memory: 0 bytes
5 gen_sequenced 12.448 pus GPU O 3.86057s Dynamic Shared Memory: 0 bytes
i i Registers Per Thread: 48
6 UniformShift 10.241 ps GPU O 3.86058s Local Memory Per Thread: 0 bytes
7 generate_seed_pseudo 1.274 ms GPU O 3.86202s Local Memory Total: 193,986,560 bytes
8 gen_sequenced 11.872 ps GPU 0 3.86343s Shared Memory executed: 0 bytes
— = Shared Memory Bank Size: 4 B
9 UniformShift 9.856 us GPU O 3.86344s Theoretical occupancy: 62.5 %
n nanarata_saad nsaudn 1 264 ms £pLLn 3 RRARRS T Launched from thread: 532 ke’
3 +530ms +531ms DTN : 532.546m: eEll
= ¥ [23724] RenderThread =
Blocked State R N
DXGI API
DX11 API il o
§ . 1 Call to:
s hiddens = o I S| e
! ' = k ID3D11DeviceC
= Frame duration (60 FPS) mDX11 APl calls
- ) ) - = Begins: 353258 —]
CPU frame duration 1ame #5895 [3.... Frame #896 [3.654 ms] Ervds 2,53055 (+200 ns) Frame £397 [5.956 ms| ]
Frame Action Tuild frame [3... Build frame [3.684 ms] Build frame [5.956 ms]
Frame health Memory Allocation [Delta 55,360,000.00%)
Stutter
- WDDM
- i

= Contexts

~ Dufffidd8b3actidel

CPU Context Queue

)
IRe | Present |
G s oo |

L __aem:er .ﬂ 5! I

| |
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e e
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Bottom-Up View ~ | Process [9695] vmd_LINUXAMDG&4. 11 (3 of 19 threads)

? Filter... | 99.B2%: (23,250 samples) of data is shown due to applied filters.

Symbol Name
rv VolumetricData:compute_velume_gradient()
~ VolumetricData:compute_volume_gradient()
w BaseMolecule:add_volume_data(char const®, double const®, double const®, double const®, double const®, int, int, int, float™)
w VMDApp:molecule_add_velumetric(int, char const™, double const®, double const™, double const™, double const®, int, int, int, float™)
~ obj_segmentation(void®, Tcl_Interp®, int, Tel_Obj* const™)
[Max depth]
w BaseMolecule:add_volume_data(char const®, float const®, float const®, float const®, float const®, int, int, int, float®, float®, float®)
w MolFilePlugin:read_volumetric(Molecule®, int, int const™)
w VMDApp:molecule_load(int, char const®, char const™, FileSpec const™)
~ text_cmd_mel(void®, Tcl_Interp®, int, char const™)
w TellnvokeStringCommand
w TclEvalObjvinternal
w TclExecuteByteCode
w TelCompEvalObj
w TelEvalObjEx
w Tcl_RecordAndEvalObj
w TclTextInterpsevalFile(char const™)
w VMDApp:logfile_read(char const®)
w VMDreadStartup(VMDApp™)
[Max depth]
Ox7f10ca7022d6

obj_segmentation(void®, Tcl_Interp™, int, Tcl_Obj* const™)

Sehe: % Module Name

344 /homefjohns/vmd/src/gtcbuilds/vmd_LINUXAMDS4.11

20.14 /home/johns/fvmd/src/gtcbuilds/vmd_LINUXAMDG4.11
20.14 /home/jehns/vmd/src/gtcbuilds/vmd_LINUXAMDG4.11
18.30 /homefjohnsfvmd/src/gtcbuilds/vmd_LINUXAMDE4.11
18.30 /homefjohnsfvmd/src/gtcbuilds/vmd_LINUXAMDE4.11
18.30 /homefjohns/vmd/src/gtcbuilds/vrd_LINUXAMDE4. 11
18.30 [Max depth]
1.84 /homefjohns/vmd/src/gtcbuilds/vmd_LINUXAMDS4.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDE4.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDE4.11
1.24 /home/johns/vmd/sre/gtcbuilds/vmd_LINUXAMDE4.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDE4.11
1.84 /homefjohns/vmd/src/gtcbuilds/vmd_LINUXAMDS4.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDE4.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDE4.11
1.24 /homef/johns/vmd/src/gtchuilds/vmd_LINUXAMDE4.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDE4.11
1.84 /homefjohns/vmd/src/gtcbuilds/vmd_LINUXAMDS4.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDE4.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDE4.11
1.84 [Max depth]
5.13 Jusi/lib64/libcuda.so.390.25
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OpenGL API (ES 3.2 NVIDIA 2.,
OpenGL GPU werk IDC

Profiler overhead

v [»] [23944] tensorrt_thread ~
MVTX

CUDA API
CUDA EGL driver API

Profiler overhead

169 threads hidden...

> trt_maxwell_fp16x2_hcudn... 11
» trt_maxwell_scudnn_128x64...

> trtwell_fpl6x2_hcudnn_fpl..

> trtwell_fpl6x2_hcudnn_fpl..

> poolCHW_RS3_UV2 PQT k.. ||

e e e peppey o, [ e [ [

v CUDA (NVIDIA Tegra X2) S S S S S .
v Stream 32 e e
? Memory S T
¥ Kernels NRISUIIINRIea.

> triwell_fpl6x?_hcudnn_win... ' . . IIII . I .

acoon:.. | SHESTESREGEE I, [2cosm. |

£

v | Process [23936] Step3 (3 of 172 threads)
91.32% of data is shown due to applied fiters.

Flat View

Search...

Symbol Name

nvinferl:cudnn:Enginezinitialize()
nvinferl:cudnnzinitializeCommonContext(nvinferl::cudnn:Co...
O 7faalb3edd

‘ \

TENSORET _Context:buildTensorRtContext(std::__ ool 1:basic_stri...
nvinferl:Runtime:deserializeCudaEngine(void const™, unsigned ...
nvinferl:cudnn:Engine:deserialize(void const™, unsigned long, ...

Self, % Stack, % Module Name
1.06  [17991 /home/nvidia/Step3
' -fuslflibfa-archﬁd-Iinux-gnuflibnvinfer.sn.d.ﬂ.d
. -fuslflibfa-archﬁd--Iinux—gnuflibnvinfer.sn.d.ﬂ.d
- | 7341 /ust/lib/aarch64-linwe-gnu/libnvinfer.s0.4.0.4
m {usr/lib/aarchBd-linux-gnu/libnvinfer.so.4.0.4
E Jusr/lib/aarchEd-linux-gnu/tegra/libcuda.se.1.1
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ZOOM/FILTER TO EXACT AREAS OF INTEREST

EESRLL U a— p=pr ane P AL P S ST |

os +332ms +332.5ms +333ms +333.5ms +334ms +334 5ms +335ms +335.5ms +336ms 14
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

b CPU(12)

* Threads (11)

cvemmoewnca-h IR 0 B HEEEELII HEI I (BE E i ] B BB IS

......................... : R — e e
0S runtime libraries [pthr...| (pt...] |n_| |:_:| ||:|_| |:_:| i [:]E] I - - _ D:ms _t2ll2ms t21l ddms i211d6ms i21148ms 4211 5ms t2lls52ms t2llSdms 2llSSme ollSdme 21l 6ms o t2ll Some oll Sdme 211 66ms
Parallel Region l I

Implicit Task | Implicit Task
Opentip —-u ([ Barier ]

NVTX m l cudaGraphinstantiate: arapnexec | 110.000 us] |c...lcuda...| cugdaGrapnLaunch (6Y.a/... ‘cuaatarapnLaun...

(I
CUDA API .u “ cudaGraphinstantiate C...cuda...

CUDA AP! s oo R e 0=

Profiler overhead

~ |v| [27855] OpenMP Worke - § ! ! ! ! !H

_'il'!'.fif?ﬁi.ﬁ}?ﬁli]!?lf!flfil'ill'ﬁ_ cudaGraphLaunch

........................................... X Call to cudaGraphAddKernelNode I
S —_— — — — 24.0% Stream 14 + m CUDA runtime API calls
0S runtime libraries pt..| |pthrea...| | | |..| |- [-) o] [P Begins: 0.211387s
“xp...| [Explicit T...| Implicit Task Ends: 0.211391s (+4.067 s)
xRl ! 88.3% Kernels g Return value: 0 l
Correlation ID: 116
OpenMP
CUDA API

» v [27854] OpenMP W ~ W NVTX +

v v [27853] OpenMP W - M

= |v/| [27851] cuda-EvtHand| -

................................................................................................................................................................................................................................................. lgla% Stream 16 ‘*
0S5 runtime libraries
6 threads hidden...  ==d 94.7% Kernels *
+ CUDA (TITAN V) i B E MEA 2 LENME & BLAE AERE

" 96.7% Kernels 0 000E0® OO0 O CC00 Cood
» 41.6% genchi 00 1] 0 0 000
b 39.7% vector_add . . . . . . . . .

¥ 18.7% gemm . . NVTX g
b 3.3% Memaory
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FUNCTION TABLE WITH CALL-STACK BACKTRACES

[Entl:u:um—l_.lp View - }ru:u:ess [9695] wmnd_LINUXAMDG4. 11 (3 of 19 threads)

? Filter... | 99.82%: (23,260 samples) of data is shown due to applied filters.

Symbal Mame SEHE: % Module Mame
20,14 /home/johns/vmd/src/gtcbuilds/ermd_LINUXAMDES. 11
20.14 /home/johns/vmd/src/gtcbuilds/vrmd_LINUXAMDES 11

w VolumetricData:compute_volume_gradient()

v VolumetrnicData:compute_velume_gradient()

w BaseMoleculeradd volume_data(char const®, double const®, double const®, double const®, double const®, int, int, int, float™) 18.30 /home/johns/vmd/src/gtcbuilds/vrmd_LINUXAMDEL 11

v VMDApp:melecule_add_velumetric(int, char const®, double const®, double const®, double const®, double const®, int, int, int, float™) 18,30 /home/jchns/vmd/src/gtcbuilds/vmd_LINUAAMDEL 11

v obj_segmentation{veid®, Tcl_Interp®, int, Tcl_Obj* const™) 18,30 /home/jehns/vmd/src/gtcbuilds/vmd_LINUXAMDES. 11
[Max depth] 18,30 [Max depth]

w BaseMoleculezadd volume_data(char const®, float const®, float const®, float const®, float const®, int, int, int, float®, float*, float®) 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDES, 11

w MolFilePlugin:read_velumetric(Meolecule®, int, int const®) 1.84 /homefjohns/vmd/src/gtcbuilds/~vmd_LINUXAMDEL. 11

v VMDApp:melecule_load(int, char const®, char const®, FileSpec const®) 1.84 /homefjchns/vmd/src/gtcbuilds/svmd_LINUXAMDES. 11

w text_cmd_mol{void®, Tel_Interp®, int, char const™)

v TcllnvekeStringCommand

w TclEvalObjvinternal
w TclExecuteByteCode
v TclCompEvalObj
w TclEvalOb)Ex
w Tcl_RecordAndEvalOb
w TclTextInterp::evalFile(char const™)
v VMDApp:logfile_read(char const®)
v VM DreadStartup(VMDApp™)
[Max depth]

D7 f10ca7022d6
obj_segmentation(void®, Tcl_lnterp®, int, Tcl_Obj* const™)

1.84 /hoemefjohns/vmd/src/gtcbuilds/svrmd_LINUXAMDES. 11
1.84 /home/johns/vmd/src/gtcbuilds/vrmd_LINUXAMDES, 11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDES, 11
1.84 /homefjchns/vmd/src/gtcbuilds/svmd_LINUXAMDEL. 11
1.84 /homefjehns/vmd/src/gtcbuilds/semd_LINUXAMDES. 11
1.84 /hoemefjohns/vmd/src/gtcbuilds/svrmd_LINUXAMDES. 11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDES, 11
1.84 /homefjohns/vmd/src/gtcbuilds/~vmd_LINUXAMDEL. 11
1.84 /homefjchns/vmd/src/gtcbuilds/svmd_LINUXAMDEL. 11
1.84 /homefjehns/vmd/src/gtcbuilds/semd_LINUXAMDES. 11
1.84 [Max depth]

313 fusr/libbd/libcuda.so.390.25

344 Shomefjohns/vmd/src/gtcbuilds/vmd_LINUXAMDEL. 11
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EXPERT SYSTEM

CUDA Async Memcpy with Pageable Memory

A hron m
e Wew b e CUDA Synchronous Memcpy
profile_circe-n011_506451_0.qdrep.qdrep S04 SyﬂChronous MEmes
S CUDA Synchronization APIs
= Timeline View v ' l 1553Qes
53 55 w +676,105ms +676,1ms +676,1§ms_ . +676,2ms +676,125ms +q CUDA GPU Starvation *:
» TEEE @ (@ 0 EEESEE) EED) | CUDAGRULowUtiization |
OS runtime libraries pthread_cond_wait '| VULKAN GPU Starvation |
1 Voo — TR |
g eadstidden. =¥ | VULKAN GPU Low Utilization
~ CUDA HW (0000:34:00.0 - Te S il 8 E d g ¥
» [All Streams] L I | -m . I I I I l
» 60.8% Default stream ™ ] ﬂ I I I I l
1079k 39.2% Stream 29 Al a
- 1 | ¥

’ CUDA Async Memcpy with Pageable Memory ~ j Dration ~ Start Src Kind Dst Kind hytes PID Device ID Context ID Stream ID APIName

— s— — f 2,048 ps 6,38792s Device Pageable 8B 75475 0 1 7 = cudaMemcpy

e following APIs use PAGEABLE memory ! . - ! . ! ! . ! 3

| which causes asynchronous CUDA memcpy 2,048 ps 6,8334s Device Pageable 4B 75475 0 1 7 cudaMemcpy

operations to block and be executed i ' ' oot | ' ' ' ' ' ' |

: synchronously. This leads to low GPU : 2,016 ps . 2,5394s . Device | Pageable ' 4B . 75475 . 0 . 1 7 . cudaMemcp;i

' utilization. _ 2,016 ps 3,90617s Device Pageable 48 B 75475 0 1 7  cudaMemcpy
Suggestion: If applicable, use PINNED 2,016 ps | 4,25257s Device Pageable 4B 75475 0 1 7 | cudaMemcpy
' memory instead. = 5,67617s Device Pageable 0 7 | cudaMemcpyjg

CLI command: | 2,016 ps 5,9572s Device Pageable 8B 75475 0 1 7 | cudaMemcpy

nsys analyze -r cuda-async-memcpy /mnt/data/ 2,016 ps 5,07088s Device Pageable 4B 75475 0 1 7 cudaMemcpy
traces/qdrep/nccl/profile_circe- : ~ ~ - —] - ‘ - ‘ — -
n011_506451_0.sqlite K ' : ' ’ By [ ]

9 <ANVIDIA.



GPU METRICS SAMPLING

1585 » Jms +820ms +840ms +860ms +880ms +900ms +920ms +940ms +960ms +980ms 159s +20ms 4+40ms +60ms
—————— — - - . S -— P - - - - - P — — - PN W e - - - - b __. - -— — s -_— A — - - - ——h e . - - - - i b - -— —a e s - - Y SR - -— ~ - e - - -— - - - A
'+ CPU (24)

* GPU (0000:65:00.0 - A100-PCIE-40GB)
¥ GPU Performance Metrics [10 kMz]
GPC Clock Frequency
SYS Clock Frequency
GR Active
SM Active
¥ SM instructions
SM Issue

_ﬂ-‘tm e tmiihvens s re i sandes 8 e bl st ok ohonlifle sl b ab w0 BB L i sl ‘.J‘u-
sl i s it ade sl il sl by sdu sl s e b b -L.L.h.

| T T P YT ARy Y0 ™

» SM Warp Occupancy '
* DRAM Bandwidth o 7] ! P——— R ol it a6 02006 ka1 b A s e . e i 0
DRAM Read Throughput LA i A SNt Mml,ﬂtuJ.ka“uhwleML

Mwmemw . B " Il 0 SomacSsmesswesssd N ..MMMAA“-‘),A.‘_-I‘.LL&LLLu‘.L.&‘h—Luh—bh-ub—n-‘h.A
» PCle Bandwickh [ENESSERESERURE T N —— - -

* Processes (5)
v (®) [757) python .
¥ ' CUDA HW (9000:65:00.0 - A100-PC) D ——

Tensor Active

» [All Streams]

v 95.8% Stream 13
» 99.8% Kernels
» 0.2% Memory

P I ConvaDs: resnetS0/com\/Convz | 2889648113 (39 438 mi) 010 0N @ IR SN IR IR M I e Y I e ) CO NS IIng I Ies ! I I@e -

1 streams hedden., —

* Threads (115)

v v (847] python -
_ otheea.. | pthread_con... | Il pthread_cond_wait |
OS runtime hbraries . p—
tensorflow-core [ Send: ResatorGethiet/_1 1 24%3.. ( ComvaD: resnet50/convi/ConvaD | 2059648113 (99,363 mi)]
cvor 9 o) . o N e et Nt emiseisemimisni
CUDNN SRS (dd) JiaiSL2LIRIR1 l 3
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MULTI-REPORT TILING

Visualize more parallel activity

gm-tiles-20210720-gpul.qdrep [2 reports)

| = Timeline View v @ aQn ", Swamings, 27 messages
v 0 105 205 308 405 503 605 =
» CPUs

GPU (0000:07:00.0 - A100-SXM-80G8)
GPU (0000:0F:00.0 - A100-SXM-80GB)
Processes (10)
~ [9349] python ;
> CUDA HW (0000:0F:00.0 - A100-SXM-8068) . '
~ Threads (671)

v

-

‘

~ [11489) python

OS runtime libraries pthread_cond... | B
CUDA API 8 ICHILIRE T TR e e W e e BT

* [11491] python

0S runtime libraries pthread_cond_... | [pthread... | ptmead__.cono_-w_m I Lo

CUDA API ﬁﬁ.“.lii I: H)‘ﬂ?ﬂ@lli—:m];ﬂ 1 |
v [9349] python

| tutex | : h.nex {f Ell.;.

0S runtime libraries

CUDA API @ 4

Profier overhead

| I

668 threads hidden... - of

~ [9192] python L a
e ——————] o= ———————— 321
b CUDA HW (0000:07:00.0 - A100-SXM-80GB) . Loy so—r — - — = FFA e

~ Threads (671)

¥ V! [9730] python -
OS5 runtime libraries \pthread_cond_w... | =
cupa 49 8 OELEIOIIIIIINoRe el
v ¥ [9731] python - t t

[ pthread_cond_wait | |

[ ' 15 e Jade

05 runtime libraries pthread_cond_w...| | pthread_cond_wait 1-]
CUDA API RITTTO= Do e NC L e
« V) 19192 python - sl

futex _- futex e it

OS runtime libraries

CUDA API ,l ]
(

Profiler overhead

668 threads mdden —_

,‘_' ,;.
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* GPU Speed Of Light

Highdevel overview of the utilization for compute and memaory resources of the GPU. For each unit, the Speed Of Light (SOL) reports the achieved perce
Highdevel overview of the utilization for compute and memory resources of the GPU presented as a roofline chart.

SOL SM [%] 3 [ - %) | Duration [usecond]
Memory [%] 54,58 [ - Elapsed Cycles [cycle]

SOL L1/TEX cache [%] 26.92 (- 5¥ Active Cycles [cycle]
N S I G H I ‘ OMP U I E SOL L2 cache [%] 54.58 [ - S¥ Frequency [cycle/nsecond]
SOL DRAM [’..] 51.55

(+84.34%) | DRAM Frequency [cyclef/nsecond]

Kernel Profiling Tool GPU Utiization

Key Features:

Speed Of Light [%]
" InteraCtlve CUDA API debugg]ng and kernel prOf] l]ng inst_executed [inst] 63,821,856 (284 instances)
[1tex__data_bank_conflicts_pipe_lsu_mem_shared_op_ld.sum a
N y - Y Y [1tex__data_bank_conflicts_pipe_lsu_mem_shared_op_st.sum a
B u ] lt ] n ru leS eX p e rt] Se litex_ data_bank_reads.avag.pct_of peak_sustained_elapsed [%%] 9.66
l1tex__data_bank_writes.avg.pct_of _peak_sustained_elapsed [%] 3.23
[ 1 1 1 litex__data_pipe_lsu_wavefronts.avag.pct_of_peak_sustained_elapsed [%] 46.16
Fu l ly C u Sto m ] Za b le d a ta CO l lec t] O n a n d d ] S p lay |[itex_ data_pipe lsu_wavefronts_mem_shared cmd read.sum 25,165,824
l1tex__data_pipe_lsu_wavefronts_mem_shared_cmd_read.sum.pct_of_peak_sustained_active [%] 48.75
[ 1 1 [1tex__data_pipe_lsu_wavefronts_mem_shared_cmd_write. sum 2,897,152
C O m m a n d L] n e ) S ta n d a lo n e ) I D E I n teg ra t] O n ) Re m Ote Ta rgets litex_ data_pipe_lsu_wavefronts_mem_shared_cmd_write.sum.pct_of peak_sustained_active [%%] 3.48
l1tex__data_pipe_tex_wavefronts.avg.pct_of_peak_sustained_elapsed [%6] a
l[1tex_ f wavefronts.avg.pct_of _peak_sustained_elapsed [%%] 0.08
litex_ |su_writeback_active.avg.pct_of peak_sustained_elapsed [%%] 42.59
. . [1tex_ lsu_writeback_active.sum [cycle] 27,803,648
OS : L'I n UX (X8 6 ) Powe r, Teg ra , A rm S BSA) , W'I n d OWS ) Maco SX |ltE.‘-{_|EIJ._';'-.'FitEl:lEllji_aEﬁ'u'E.SIJFI'I.-|:||:t_DijEEIk._EIJStEiFIEd_aEﬁ'-:I'E [Ba] 45.83
[1tex_ |suin_requests.ava.pct_of peak sustained elapsed [%] 56 . B8
( h Ost O n ly ) l1tex__m_|1tex2xbar_req_cydes_active.ava.pct_of_peak_sustained_elapsed [%] 3.40

[1tex__m_l1tex2wbar_write_bytes.sum [Mbyte] 4,19

[1tex_ m_|itexZwbar write_bytes mem_global op red.sum [byte] a
GPUs: Volta+

| —TeT
 —TeT
—TeT
el 1,a81,3a4
F  —
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@) NVIDIA Nsight Compute

File Connection Debug Profile Tools Window Help
o) Connect

) cudaTensorCoreGemm_set_default.ncu-rep X

Page: Details + Result 0-

Result Time Cycles Regs GPU

Current 511 -compute_. 630 msecond 7584965 255

+ GPU Speed Of Light Throughput

511-compute_gemm ~ Y *

Add Baseline ~

Baselines

Apply Rules  [m] Occupancy Calculator

SM Frequency

N

O0-NVIDIATITANV 1.20cycle/nsecond 7.0 [15591)] cudaTensorCoreGemm

All o I s

High-level overview of the throughput for compute and memory resources of the GPU. For each unit, the throughput reports the achieved percentage of utilization
with respect to the theoretical maximum. Breakdowns show the throughput for each individual sub-metric of Compute and Memory to clearly identify the highest

contributor.

Compute (SM) Throughput [%]
Memory Throughput [%]
L1/TEX Cache Throughput [%]
L2 Cache Throughput [%]
DRAM Throughput [%]

2213
28.77
2924
21.05
1498

Duration [msecond] 6.30
Elapsed Cycles [cycle] 7584965
SM Active Cycles [cycle] 7.458,719.60
SM Frequency [cycle/nsecond] 1.20
DRAM Frequency [cycle/usecond] 84970

This kernel exhibits low compute throughput and memory bandwidth utilization relative to the peak performance of this o
device. Achieved compute throughput and/or memory bandwidth below 60.0% of peak typically indicate latency issues. Look s

A Latency Issue
at and

for potential reasons.

GPU Throughput

Compute (SM) [%]

Memory [%]

| |

1

0.0 10.0 200 30.0

Compute Throughput Breakdown

SM: Pipe Shared Cycles Active [%]
SM: Pipe Tensor Cvcles Active [%]

40.0

50.0 60.0 70.0 80.0 90.0

Speed Of Light (SOL) [%]

2213
22.13

Memory Throughput Breakdown

L1: Data Pipe Lsu Wavefronts [%]
L2: T Sectors 1%l

Copy as Image ~

CC Process @00
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+ Memory Workload Analysis

All

<=

Detailed analysis of the memory resources of the GPU. Memory can become a limiting factor for the overall kernel performance when fully utilizing the involved hardware units (Mem Busy), exhausting the available
communication bandwidth between those units (Max Bandwidth), or by reaching the maximum throughput of issuing memory instructions (Mem Pipes Busy). Detailed chart of the memory units. Detailed tables with

data for each memory unit

Memory Throughput [Gbyte/second]
L1/TEX Hit Rate [%]
L2 Hit Rate [%]

446 M Inst

0.00 Inst

0.00 Inst

0.00 Inst

30.15 MInst

Instructions

Shared Load
Shared Store
Shared Atomic
Other

25,559,040
4,587,520
0

433 MReq

131.07 KReqg

0.00 Req

0.00 Req

0.00 Req

0.00 Req

0.00 Req

25.56 M Req

4.59 MReq

Requests
25,559,040
4,587,520
0

9771 Mem Busy [%]
0 Max Bandwidth [%]
76.34 Mem Pipes Busy [%]

Memory Chart

L1/TEX
Cache 22168

L2 Cache
Hit Rate:

67.11 MB
0.00 %

Hit Rate:
76.34 %

SUET
Memory

Shared Memory

Wavefronts % Peak Bank Conflicts

136,852,276 22 57 35,140,404

19,398,656 3.20 1,572,864
0 0 0

147957 0.02 206

550.98 MB

64.67 MB

Total

30,146,560

30,146,560

156,398,889 25.80 36,713,774

System Memory

Device Memory

Peer Memory

Show As:

28.78
20.45
0.82

Transfer Size ~
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BASELINES

Current 655 - reduceFinal (1,1, 1)x(512,1,1) 5.98 usecond 4807 16 MNVIDIA GeForce RTX 2080 Ti  801.61 cycle/usecond 7.5 [4969] simpleCudaGraphs

B Baseline 654 - reduce (512, 1, 1)x(512, 1, 1) 23472 usecond 318783 16 MVIDIA GeForce RTX 2080 Ti  1.35 cycle/nsecond 7.5 [4969] simpleCudaGraphs

= GPU Speed Of Light Throughput GPU Throughput Chart - D
o C . f Compute (SM) Throughput [%] 0.33 (-99.58%) | Duration [usecond] 5.98 (-97.45%)
om pa rison o Memory Throughput [%] 0.80 (-98.25%) | Elapsed Cycles [cycle] 4,807 (-98.49%)

. L1/TEX Cache Throughput [%] 11.66 (+12.76%) | SM Active Cycles [cycle] 46.09 (-99.98%)
resu ltS d] reCtly L2 Cache Throughput [%] 0.80 (-94.49%) | SM Freguency [cyclefusecond] B01.61 (-40.80%)

W'i th'i N the tOOl DRAM Throughput [%] 0.48 (-98.94%) | DRAM Freguency [cycle/nsecond)] 3.98 (41.14%)

W'ith "Basel'inesn A  SmallGrid This kernel grid is too small to fill the available resources on this device, resulting in only 0.0 full waves across all SMs. Look at for more details. @

(@ Roofline Analysis The ratio of peak float (fp32) to double (fp64) performance on this device is 32:1. The kemnel achieved 0% of this device's fp32 peak performance and close to 0% of its fp64 peak performance.

Supported across GPU Throughput

kernels, reports, Pt (M) ] e s S S
and GPU

. Memmf"m#
architectures

0.0 : : 40.0 50.0
Speed Of Light (SOL) [%]

» Compute Workload Analysis o
Executed Ipc Elapsed [inst/cycle] 0.00 (-99.16%) | SM Busy [%] 3472 (-59.93%)
Executed Ipc Active [inst/cycle] 0.26 (-20.53%) | Issue Slots Busy [%] 711 (-14.71%)
Issued Ipc Active [inst/cycle] 0.28 (-14.71%)

(0 Balanced Mo pipeline is over-utilized.

+ Memory Workload Analysis - D
Memory Throughput [Gbyte/second] 1.84 (-99.38%) | Mem Busy [%] 0.80 (-94.49%)
L1/TEX Hit Rate [%] 0 (-100.00%) | Max Bandwidth [%] 0.57 (-98.75%)
L2 Hit Rate [3] 71.25 (+43,797.06%) | Mem Pipes Busy [%] 0.11 (-99.15%)

Memory Chart

17.00 Inst 16.00 Req
(-100.00%) S

1.00 Reg
(-99.80%)

0.00 Reg

0.00 Inst (+0.00%)

(+0.00%)

system Memory

L1/TEX 4.00 KB

0.00 Req Cache (-99.99%)
(+0.00%) L2 Cache
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SOURCE VIEW

Instructions Executed Sampling Data (Not Issued)

—
>
v
o
c
m
cr
o]
3
w
m
<
m
O
c
-
m
(=%

1

Source Sampling Data (All) * # Source Sampling Data (All)
DType, 133 BSYNC B@
__global__ L(DType *in, OType *out, index_t M NOP
Shape<ndim> sshape, Shape<ndim> BAR.
ISETP.GT.A
BSSY B1,
ISETP.GT
ISETP.GT
ISETP.GT.A
U
U

(

FMNMX

w w w w
N oY b

* Source/PTX/SASS
analysis and
correlation

temperature) {

N DN

X _size = 1 << x_bits;

__shared__ AType smem[x_size];

NN

index_t sa = stride[axis];
index_t base = (blockIdx.x, sshape, stride);
index_t x = threadIdx.x;

NN

red:: (smem[x]);

Source metrics
per instruction :

and aggregated . E] =
(e.g. PC Sampling cuda::Reduceu/)fr.‘ed::maxmm, X_bits>(smem); : ‘ . .Grt,-‘,-[‘o

N Total Sample Count: 111
data ) Barrier: 43 (38.7%)
Mio Throttle: 21 (18.9%)
Not Selected: 8 ( 7.2%) FMNMX
(smem[x]); Selected: 7 (6.3%) [

o/

. Short Scoreboard: 16 (14.4% N
* Metric heatmap _, iibroopendibingel

< M; 1 +=x size) { BAR.

(8]
4> i» H b b $ W w
n W N w o

(index t i =x; 1 < M; 1 += x_size) {

H
on

smem[x] = :: (smem[x], negate ? -in[base + i*sa] : in[base + i*sa

2

ST ST ST N
4
~

£\

H
[en]

Qy%am@w!mmmw

L ) S

—

val = negate ? -in[base + i*sa):in[base + i*sa];

)
~

smem[x] += <ATYpe>( ((val - smax) /

v
¥

LN O s ® b w OB

N NN
"
oo

o
(\o]

£+
\

cuda: :ReducelbD<red: :sum, x bits>(smem):

£y~
\/»

FMNMX
[

NOP
U
U
[
FMNMX

(
NOP

o
-

RalB e HEIEE R RIRIE

NN

3

o
w N

o

ATYPE SSUm = Sme

£\
\/

Bl

NN
o
4

on
o
-
3

(index_t 1 =
val = negate ? -in[base + 1*sa] : in[base + 1*sa];
out[base + i*sa] = ((val - smax)/ <DType>(temperat

HEEE

2 @!“
JdooEa o ol olBs
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STANDALONE SOURCE VIEWER

age: Source *  Launch: 0-: 5 - device_tea_leaf_ppocg_sol = % = | Add Baseline = @ Apply Rules
[ | v f d - b - d Launch Time cles Regs GPU SM Frequen CC Process
1ew 0T Side s1de _ o . ‘ auency
Current 32655 - device_tea_leaf_ppcg_solve_update r (126, 1001, 1; ,4,1) 1.07 msecond 1458003 32 NVIDIA GeForce RTX 2080 Ti 1.36 cycle/nsecond 7.5 [10906] tea_leaf

View: Source and SASS -

source code for CUDA s
ke rn e lS |l15|tE * Navigation: Instructions Executed

assembly and correlated
Source: tea_leaf_ppcg.cuknl MNavigation:  Instructions Executed w A | TS IS 2 Source: device_tea_leaf_ppcg_solve_update_r - =

# Address Source
11 = alphalstepl#sdl[

. . = . e r # Address Source
= NO prOf] le reqU]red . sl ) o )2 BEBBTFT2 42fabase TADD3
: )3 BEBBTFT2 42fababe MOV
. . . e ! 24 BBEBTFT2 42fabaTe THAD
= Open .cubin files directly s osoorerz daratass 0
8 )6 BEBBTFT2 42fabade IMAD
. . . 13- _ | )7 BEEBTFT2 42fabaat TMAD . WIDE
- HelpS ]dent]fy com p] ler to rtemp for use 1 )8 BEBBTFT2 42fababe TADD3 3,
. . . 153 )9 BRARTFT2 42fabace IMAD .WIDE
Opt] mlzat]OnS and — —global__ B e TSP o= Bl NS EESE 30 BOEOTFT2 42fabade THAD . WIDE
. . o . 155 (kernel_info_t kernel_info, 31 BBBATFT2 42fabaet .E.54.CONSTANT . SYS
lneffICIGHC]eS 136 * _restrict rtemp, 37 BEBBTFT2 42fabafe IMAD.WIDE R26,

* __restrict Kx, 33 BOATFT2 42fa6bod .E. 5% CONSTANT. SYS
ks Ky, 34 0EBATFT2 42fashle IMAD.WIDE R28,
* _restrict sd) 35 BEEBTF72 42fabb2e .E.44.CONSTANT.SYS
36 BABOTFT2 42fabb3e IMAD.WIDE R12, RS,
e 22 37 BBBATFT2 42fabbAE .E.54.CONSTANT. SYS
AREBTFT2 42fabbse .E. 5% CONSTANT. SYS
(WITHIN_BOUNDS) 39 BEBATFT2 42fabbbE .E. 4% .CONSTANT.SYS
40 BEABTFTZ2 42fabbTe .E. 44 . CONSTANT. SYS
const double result = (1.8 /1 BEBATET2 ¢ o ; _CONSTANT. SYS
+ (Kyl (2, 1, B)] + Kyl (e, a8, a)])
+ (Hx[ (1, 8, 831 + Hx[ (B, 8, 8311 )xsd[ ( )]

2 BAEATFT2 4 Julls 5 .CONSTANT.SYS
43 BEEATET2 42fadbbat IMAD.WIDE c

- (Ky ( 1]%*s i i v ( ES ( ; :
(Kyl (6, 1, 8)Jxsdl (B, 1, )1 + Kyl (6, 6, 8)]xsdl - 14 BOBBTET2 42fa6bbe .E.£4.5Y8

(KxI (1, 8, 8))xsdl (1, 8, 8)] + Kxl (6, 8, 8)]+sdl \5 8008772 42faébcd DADD

6 BE0A7f72 42fabtbdd DMUL
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OCCUPANCY CALCULATOR
Model Hardware Usage and Identify Limiters

-

NVIDIA Nsight Compute

File Connection Debug Profile Tools Window Help

:;]m:nnju:t e = MOdel theoretical
B hardware usage

Page: Details = | Launch: 0- 141-mergeSortSharedkernel ~ % =  Add Baseline = = Occupancy Calculator Copy as Image -
Launch Time Cycles Regs GPU SM Frequency CC Process

Current 141 - mergeSortSharedKernel (4096, 1, 1)x(512,1,1)  7.01 msecond 9,283,564 55  0-MNVIDIA GeForce RTX 2080 Ti  1.32 cycle/nsecond 7.5 [5750] mergeSort - L U n d e rS ta n d li m i ta ti O n S
- ooy _ | L from hardware vs.
kernel parameters

100 Block Limit Registers [block]
32 Block Limit Shared Mem [block

T - = Configure model to vary
31.81 Block Limit SM [block] ;

Occupancy Limiters  This kernel’s theoretical occupancy is not impacted by any block limit. H W a n d ke r n e l

Impact of Varying Register Count Per Thread pa ra m ete rS

A " Opened from an
N existing report or as a

new activity

=41
ey

&

Warp Occupancy
7 3

- - - - - - —_
= = =] =~ w : 2 - o =
> [ w o 2 > G o

Registers Per Thre;

Impact of Varying Block Size

=

A

]

4

Warp Occupancy
= B8 8

Block Size

<A NVIDIA.



HIERARCHICAL ROOFLINE

Floating Point Operations Roofline {Double Precision)

(1="1e+12)

Performance [FLOP/s]
=

100,000

10 700
Arithmetic Intensity [FLOP/byte]

Sections/Rules Info
Sections/Rules v f3Reload {&Enable All {X}Disable All

= Visualize multiple levels of the memory Enter filter
h]erarChy F— Priority

= Identify bottlenecks caused by memory V. b GPUSpeed OfLight Throughput (1) 10
v » GPU Speed Of Light Roofline Chart (1) 11

limitations
GPU Speed Of Light Hierarchical Roofline Chart {Double Precision) 12 High-level overview of the utilization for comp...

= Determine how modlfylng algOritth may (Or High-level overview of the utilization for comput...

v
v
may nOt) impaCt performance v GPU Speed Of Light Hierarchical Roofline Chart (Single Precision) 12
v GPU Speed Of Light Hierarchical Roofline Chart {Tensor Core) 12
20 Detailed analysis of the compute resources of 1...

~ Description
High-level overview of the throughput for compu..

High-level overview of the utilization for comput...

GPU Speed Of Light Hierarchical Roofline Chart (Half Precision) 12
High-level overview of the utilization for comput...

High-level overview of the utilization for comput...

» Compute Workload Analysis (2)

<A NVIDIA.




REPLAY MODES

https://docs.nvidia.com/nsight-compute/ProfilingGuide/index.html#replay

s At rd b
Fi M % I I [ A
emo
k o D D D

I |
1 I
1 I
| I
1 I
1 I
1 I
1 I
1 I
1 I
| I
| I

Restore I

— e

- e e e e e

Kernel Replay Range Replay
(interactive and non-interactive) (non-interactive)

Application Replay
(non-interactive)
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https://docs.nvidia.com/nsight-compute/ProfilingGuide/index.html#replay

FURTHER INFORMATION

Download

https://developer.nvidia.com/cuda-downloads (packaged in the CUDA Toolkit)

https://developer.nvidia.com/nsight-systems

https://developer.nvidia.com/nsight-compute

Documentation

https://docs.nvidia.com/nsight-systems/

https://docs.nvidia.com/nsight-compute

Support is available via:

https://forums.developer.nvidia.com/c/development-tools/

More information at:

https://developer.nvidia.com/tools-overview
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